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NUMERICALLY STABLE AS t- 



Numerical Integration 

The numerical integration method is based on a Nordsieck-like method. The displacement, 
ocity, and acceleration are defined at an initial time. A modified Taylor series is used to 
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ITERATIVE SOLUTION 
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nlinear Equations of Motion 
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Linearized Equations of Motion 
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STATIC CONDENSATION 
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Structural Condensation 
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LOCAL STRUCTURAL CONDENSATION 
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Local Structural Condensation 
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MULTI GRID METHOD 
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SPECIAL ASPECTS 
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Gear - gear interactions cause a wide band width. 


Special Aspects 

Special aspects complicate the dynamic analysis of transmissions. Gyroscopic and gear 
forces cause nonlinear lateral and torsional coupling. Gear tooth passing frequencies are 
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Consider gear tooth interaction. For any gear set the line of force does not pass through 
the gear centers. In the case of spur gears any perturbation of the radial force will result 
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Gear Tooth Model 

Consider the gear tooth interactions of a spur gear set. The contact point varies as the 
angle of the gear set varies. Machining errors cause the contact point to move. High torque 
can cause the teeth to bend. The number of teeth in contact varies as the toraue varies. 
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TYPICAL TRANSMISSION 







Typical Transmission 

In a typical transmission there are many gear sets. Each of these gear sets causes one lo- 
cation on the structure to interact with another point on the structure. Thus, far interactions 
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Transmission Dynamic Analysis 

Complete transmission dynamic analyses are rare in the open literature. David and 
Mitchell (1986) have used a modal balance technique. The problem with modal techniques 
is that the nonlinearities cause the set of modes not to.be closed. This results in side bands 
around the tooth passing frequency. Whenever a solution is found, it is not known whether 
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Application of Multi- Grid Techniques 
To Structural Analysis 
Using a Parallel Transputer Array 
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TRANSPUTER USED IN GRAPHICAL DISPLAY, G. K. ELLIS (ICOMP) 
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The approach is to use an “OCCAM” parallel programming language (specifically de- 
igned for the transputer) and the test bed (with electronically reconfigurable architectures) 
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RECONFIGURABLE PARALLEL ARCHITECTURE WHICH CAN DRAMATICALLY REDUCE THE COST AND 



Potential Impact 

The multi-grid method, although used for years in fluid dynamics, now offers a new 
approach to nonlinear structural dynamics. The computing time does not depend on the 
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